The aim of this study was to study the degradation of kelthane by Pseudomonas aeruginosa BS827, which carried the plasmid pBS3. This plasmid encodes naphthalene oxidation. The strain was able to survive in the presence of kelthane and to retain its degradative ability. Kelthane also stabilized the biodegradative plasmid that was preserved by 70 to 100% of the cell population. Cells deficient in Nah or Sal characters were less effective in degrading kelthane, whereas plasmid-free cells lost this ability completely. Evidently, the degradative activity of P. aeruginosa BS827 was conditioned by plasmid determinants coupled with genes of the plasmid pBS3 Nah region.
Contamination of the environment with residues of persistent pesticides causes serious problems. Modern ecological biotechnology attempts to solve these problems by screening for and molecularly breeding microbial strains that are capable of degrading recalcitrant toxicants. Research in this direction is in good shape. In a number of laboratories novel strains have been constructed that are able to degrade compounds that have, until now, been considered resistant to microbial attack (2, 9) .
However, the release of such strains into natural ecosystems also creates a number of serious ecological problems related to the stability of the strains released and the plasmids incorporated into these strains, as well as their fate in the environment.
We constructed Pseudomonas aeriuginosa BS827, which is capable of degrading the acaricide kelthane [1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethanol] (5). Here we report the results of field experiments on kelthane degradation by P. aeruginosa BS827, the fate of this strain in soil, the stability of the incorporated plasmid, and the preservation of the inherited character to degrade the xenobiotic compound.
MATERIALS AND METHODS Microorganisms. P. aerluginosa BS827 (5) was used in this study. It contained a genetic marker for rifampin resistance (Rif'). Deletion variants of this strain with the phenotypes Nah+ Sal-(BS1000), Nah-Sal' (BS1001), and Nah-Sal-(BS1002) were isolated from the soil into which strain BS827, with the phenotype Nah+ Sal', was previously released.
Field experiments. For a natural soil ecosystem, we used square parcels (1.5 by 1.5 m) of a noncultivated, light grey forest soil enclosed with metal sheets driven into the soil to a depth of 35 to 40 cm (6) . The Cultivation conditions. Strain BS827 and its phenotypic variants were cultivated as described previously (4).
Enzyme activities. Enzyme activities were determined in cell extracts. Cells were grown on a previously described medium (4) that was amended with glycerol (20 mM) or benzoate (10 mM) . Activities of the following enzymes were measured: metapyrocatechase (EC 1.13.11.2) (12), pyrocatechase (EC 1.13.11.1) (11), protocatechuate 3,4-dioxygenase (EC 1.13.11.3) (3), p-hydroxybenzoate hydroxylase (EC 1.14.13.2) (7), salicylate hydroxylase (EC 1.14.13.1) (14) , homogentisate oxygenase (EC 1.13.11.5) (1) .
Qualitative and quantitative analyses of kelthane and its metabolites. For the quantitation of kelthane residue, a soil suspension that resulted from dilution of the soil sample with equal amounts of water was acidified to pH 2.0 and extracted three times with ethyl ether, followed by removal of the extractant on a rotary evaporator and dissolution of the residue in heptane. Qualitative analysis was performed by thin-layer chromatography on Silufol UV-254 plates. The plates were developed in a mixture of n-heptane-ethyl acetate-acetic acid (30:10:0.1). Chlorinated and phenyl-containing compounds were detected with the relevant reagents (10, 15) . Gas chromatographic-mass spectrometric analysis was performed on a spectrophotometer (2091; LKB Instruments, Inc., Bromma, Sweden). Separation conditions were as follows: glass column (180 by 0.2 cm); solid support, Chromosorb W/HP 100-120 mesh with a 3% OV-101 phase; injector temperature, 250°C; column temperature, 90 to 280°C; heating rate, 10°C/min; carrier gas flow rate, 20 ml/min. The spectra were recorded at an ionization voltage of 70 eV; compounds were identified by comparing the mass spectra obtained with that of the standard.
Electrophoresis. P. aeruginosa BS827 plasmid DNA and its deletion variants were visualized as described previously
n n.gI ngI n n+gl n n4gI (8) . Electrophoresis was performed on a horizontal 0.8% agarose slab gel and photographed as indicated previously (13) .
Chemicals. All chemicals were of reagent grade and were used without further purification. Rifampin (Polfa), kelthane (Serva), and the other compounds used (Fluka, Serva) were chemically pure. In field experiments, a 30% emulsion of kelthane was used.
RESULTS AND DISCUSSION Fate of P. aeruginosa in soil. Two weeks after the introduction of P. aeruginosa into soil, the cell counts for strain BS827 in the soil treated with kelthane decreased 10-fold and consisted of 103 to 105 cells per g; this level remained constant throughout the experiment (Fig. 1) partially lost phenotype (Nah+ Sal-or Nah-Sal'), which disappeared during the subsequent 6 weeks. The entire population had the phenotype Nah+ Sal'; i.e., it contained an undamaged plasmid ( Table 1) .
The strain was much less stable in soil that was free of the xenobiotic compound (Fig. 1) . The cell number decreased 100-fold during the first week, and the plasmid was practically eliminated during the subsequent 6 weeks (Table 1) . At 6 weeks, microbial counting gave 1,000 cells per g of soil for strain BS827. Some 500 cells were isolated and tested for the availability of plasmid DNA, but it was not found in any of the cells.
Kelthane degradation in soil by P. aeruginosa BS827. In the soil inoculated with the plasmid-carrying strain (Fig. 1) , kelthane was degraded efficiently. The toxicant residue accounted for 65% of the total kelthane after 1 week and 8% by the end of the experiment. Compare these results with those for the control, in which the kelthane residue made up 79% of the total kelthane after 3 weeks and remained at this level throughout the 3-month experiment. The same patterns of kelthane degradation and changes in the cell counts were observed for independent experiments conducted during the two summers.
Kelthane degradation by deletion variants of BS827. Assays aimed at evaluating the degradative capabilities of the BS827 variants with lost Nah+ or Sal' characteristics isolated from the soil after the experiment showed them to be less efficient in kelthane degradation (compared with that of the initial strain) under both aerobic and microaerophilic conditions (Fig. 2) . The loss of the Nah+ characteristic resulted in a retardation of the degradation process under aerobic conditions compared with that due to the loss of the ability to grow on salicylate. The variant with the phenotype Nah-Sal-(BS1002) proved to be incapable of degrading kelthane. Electrophoretic examination of plasmid pBS3 deletion variants. We supposed that the appearance of phenotypic variants of strain BS827 in soil was associated with plasmid mutations. This assumption was supported by the results of electrophoresis of plasmid DNA in agarose gel. The decrease in the size of plasmid pBS3 coincided with the loss of the Nah+ or Sal' characteristic (Fig. 3) .
Analysis of the aromatic-oxidizing enzymes in strain BS827
and its phenotypic variants. Assessment of activities of the enzymes oxidizing aromatic compounds in strain BS827 and its phenotypic variants revealed that the loss of the ability to grow on naphthalene by strain BS827 was accompanied by the total repression of metapyrocatechase activity (Table 2) . During growth on glycerol, loss of the Nah+ characteristic was observed to parallel the expression of pyrocatechase and protocatechuate-3,4-dioxygenase. Strain BS1002 (NahSal-) lacked metapyrocatechase activity; however, when it was grown on benzoate it expressed pyrocatechase activity; pyrocatechase is the enzyme of the ortho pathway of catechol degradation.
We have shown that a constructed bacterial strain can be used to clean up soil contaminated with kelthane residue. Notwithstanding the degradative efficiency of P. aeruginosa BS827 described above, we do not consider that the problem is solved. Numerous aspects of this problem continue to be in urgent need of further investigation. These include, to cite a few, reliable safety control and monitoring of microorganisms released into the environment; elaboration of the criteria for strain selection based on the biochemical, physiological, genetic, and ecological characteristics of the organisms; and conditions that favor the beneficial performance of genetically constructed microbial strains.
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